A simple, sensitive method for estimating carbon monoxide in plasma is described. In this method, the carbon monoxide in plasma is trapped with hemoglobin and subsequently estimated by dithionite reduction. The method has an intra-and interassay precision (CV) of 10.7% and 12.8%, respectively, at a concentration of 1.12 mg of carbon monoxide per liter and has a detection limit of 0.1 mg/L. The reference interval for carbon monoxide in plasma from 17 men and eight women ranged from 0.14 to 0.60 mg/L (mean 0.36 mg/L). 
delayed and irreversible neurological se-
quelae (3,4).
A controversy exists as to the mechanism of CO toxicity. One classical view is that CO, by binding Hb, deprives the tissues of oxygen and thereby results in cell death (2, 5) . However, some feel that by binding to cytochrome a3, CO inhibits oxidative phosphorylation and consequently the ability of tissue to use oxygen (6). The finding in dogs that transfusion of blood with 80% HbCO or uptake of CO from the peritoneum to generate 80% HbCO is not lethal supports the latter mechanism (7,8). In these cases, the CO dissolved in plasma creates the toxic effects, whereas the CO bound to Hb is non- HbCO formed by using the dithionite reduction method (9). Other. The CO, nitrogen, and oxygen gases we used were of purest quality and were purchased from CIG (Australia). We used a Model SF 1700 spectrophotometer (Pye-Unicam, Cambridge, U.K.) to measure absorbance with standard 1 mIll cm lightpath quartz cells.
Materials and Methods

Materials
Plasma hemoglobin was measured by spectrophotometry (11) .
In correlating data, we used Pearson's product moment correlation and Student's paired t-test (12).
Procedure
In this method, the volume of plasma assayed is not critical, although the volume added to the Hb solution must be known accurately.
For routine assays, we used 0.5 mL of plasma. With lower or higher concentrations of CO, the plasma volume could be respectively increased or decreased.
Heparinor EDTA-collected plasma specimens for CO analysis should be separated as soon as possible after blood collection and either stored in a sealed tube on ice at 4#{176}C for analysis within 5 h of blood collection, or frozen at -70 #{176}C for analysis at a later date. Because the molecular mass of CO is 28, multiplying the above equation by 0.028 will give the plasma con-
In general, the plasma contribution to the assayed concentration of Nb is negligible if the blood sample is collected with due care. Should the plasma specimen be sufficiently. hemolyzed to be pink (>200 mg of Nb per liter), then one must allow for the plasma contribution to the overall assay of hemoglobin concentration as follows:
For example, if the assay has 1 mg of total Nb contribution from the Nb solution and the plasma Nb contributes 100 pg of hemoglobin to the assay amount, then this could affect the calculation by 10% and should therefore be taken into account. If 0.5 mL of plasma containing 200 mg of Nb per liter were used in the assay, this amount of Hb would be contributed. Normally, the plasma Nb is <25 mg/L in carefully collected blood (11).
Resufte and DIscussIon
The effect of varying the Nb concentration ( from 2.2,  1.4, 1.1, 0.75, 0.54, 0 .32, to 0.24 g/L) on the assay result is shown in Figure 1 .In this experiment 0.1,0.2,0.3, or 0.4 mL of water treated with CO was diluted to 1 mL with water and assayed as usual with the various Nb concentrations.
The range of values obtained with the various concentrations of Nb (Figure 1) indicates that the concentration of Nb is not critical to the assay, provided that the absorbances are neither too high nor too low for the spectrophotometer.
In general, we found that Nb concentrations of 0.8-1.2 g/L sufficed for most assays. The addition of water treated with CO to 1-mL aliquots of plasma indicates linearity ( Figure 2) ; thus, similar results were obtained with both aqueous media.
The rate of CO loss from water and plasma in an open plastic container at 37#{176}C is shown in Figure 3 .In this experiment a solution of water and plasma was saturated with CO; 1-mL aliquots were placed in 10 mm (i.d.) x 75 mm plastic tubes in a 37#{176}C bath, and 0.1-mL aliquots were analyzed for CO at the designated times. The loss of CO from water obeyed first-order kinetics, but the loss of CO from plasma was more complex (Figure 3) . The half-life of CO loss from water at 37#{176}C was 52 min. The loss of CO from plasma may depend, among other unknown variables, on the metal-ioncontaining proteins of plasma (e.g., hemoglobin, transferrin, and ferritin). There was no detectable change in plasma CO for erythrocytes stored in blood for 2 h at 22#{176}C. In general, however, plasma for CO analysis was 2.2, 1.4, 1.1, 0.75, 0.54, 0.32, and 0.24 g/L) Solidilne, the result obtained by the standard assay zero concentration of plasma CO in some blood samples stored overnight indicated that there were no other plasma constituents contributing to the CO measurement (i.e., the method is specific to plasma CO measurement). We calculated the reference range with fresh plasma from 17 men and eight women, ages 30-85 years (mean 58 years), attending an outpatient clinic at the hospital. The range of CO content, computed nonparametrically, was 0.14-0.60 mg/L, or 5-21 nmol/L, with a mean of 0.36mg/L (13nmol/L). There was no marked difference between the eight smokers in this group and the nonsmokers with regard to concentrations of plasma CO. In hemolysis is known to generate CO from Nb, and 1 mol of Nb metabolized generates 1 mol of CO (13), the plasma CO concentration was related tothe plasma Hb concentration (mean 30, SD 29 mgfL). The correlation was significant (r = 0.47, P <0.05)for these blood samples. This correlation, however, did not apply when the samples were stored for 10 days at 4#{176}C: during that period, Nb and plasma CO concentrations increased (plasma Nb, 79.5± 69.6 mg/L; plasma CO, 1.26 ± 0.25mg/L).
In conclusion, in this simple method for estimating plasma CO, Nb from erythrocytes is the reagent. This method for estimation of plasma CO has been adapted from a previous method for estimating erythrocyte HbCO involving dithionite reduction of hemoglobin (9). This method has also been used for CO estimation in plasma and water and should be applicable to CO estimations in other aqueous body fluids such as cerebrospinal fluid. The method as described has been used for standard 1-mL cuvettes with plasma volumes of 0.25-1.0 mL, but it could be applied to smaller volumes by using microcuvets.
We shall apply this method to monitor concentrations of CO in plasma of CO-poisoned patients receiving hyperbaric oxygen therapy and in rats given defined doses of CO to determine whether the measured concentrations of CO correlate with its toxic effects (3). 
